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CISLUNAR NAVIGATION SIGHTING DATA FOR 

f 

APOLLO 11' (MISSION G )  : JULY 18, 1969 LAUNCH 

By Charles A .  Denham 

1.0 SUMMARY 

The naviga t ion  d a t a  are presented f o r  u se  during t h e  Apollo 11 
(Mission G )  J u l y  18, 1969, launch window. 
s t a r / h o r i z o n  combinations a v a i l a b l e  f o r  u se  wi th  P23, t h e  Command Module 
Computer ( C M C )  Cis lunar  Midcourse Navigation Program, and t h e  crew 
c h a r t s  which w i l l  be used i f  t h e r e  i s  a loss of communications a f te r  
t r a n s l u n a r  i n j e c t i o n  ( T L I )  or a f t e r  l una r  module (LM) j e t t i s o n  i n  luna r  
o r b i t .  

These d a t a  inc lude  t h e  

The d a t a  contained i n  t h i s  r epor t  have previous ly  been t r ansmi t t ed  
t o  t h e  F l i g h t  Crew Support Divis ion i n  t h e  form of memoranda, crew 
c h a r t s ,  and rough drafts. 

2.0 INTRODUCTION 

The Cis lunar  M5dcourse Navigation Program (P23) i s  a CMC program 
used t o  compute t h e  cu r ren t  veh ic l e  p o s i t i o n  and v e l o c i t y  from t h e  
measured ang le  between a star (or  p l a n e t )  and a n  e a r t h  (or l u n a r )  
hor izon  (or landmark).  
t h e  primary mode of naviga t ion .  
combination requires no previous information t o  do t h i s  naviga t ion .  
However, t h e  usab le  stars a r e  near t h e  e a r t h  and/or moon, and t h e  
crewman cannot recognize t h e  star f i e l d s  because of s c a t t e r e d  l i g h t ;  
i n  a d d i t i o n ,  p r i o r  knowledge o f  stars which do not v i o l a t e  cu r ren t  
miss ion  s i g h t i n g  c o n s t r a i n t s  w i l l  save crewman t i m e  and e f f o r t  and 
v e h i c l e  f u e l .  There are 37 star pos i t i ons  s to red  i n  t h e  CMC f i x e d  
memory f o r  u se  wi th  P23, and t h e  crewman may u s e  any o the r  c e l e s t i a l  
body f o r  s i g h t i n g s  as long as he  knows i t s  l o c a t i o n .  
n r l l L I I  a r c  v;aIulc bu bll t :  cr-ewmaii may iiot 'ut. usa 'uie  :or s t a r j h o r i z o n  

If ground communication i s  l o s t ,  P23 w i l l  be 
Theore t i ca l ly ,  t h e  crewman-computer 

A l l  stars o r  p l a n e t s  
T 7 l . , < ? . L  ^-^ __- -21-1 - L- LL- - - - - - -  

s i g h t i n g s  because of cu r ren t  s ex tan t ,  l i g h t  s c a t t e r i n g ,  and optimum 
nav iga t ion  c o n s t r a i n t s .  a .  
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The purpose of t h i s  document i s  t o  present  t h e  crew c h a r t s  which 
w i l l  be used i f  communication wi th  t h e  ground should be l o s t  af ter  
T L I  and during l u n a r  o r b i t ,  star a v a i a b i l i t i e s  f o r  t es t s  t o  be  conducted 
during t h e  t r ans luna r  and t r a n s e a r t h  t r a j e c t o r i e s ,  star a v a i l a b i l i t y  
and s i g h t i n g  schedule i f  t h e r e  i s  a l o s s  of communications on t h e  t r a n s -  
e a r t h  t r a j e c t o r y ,  and c o n s t r a i n t s  which a f f e c t  t h e  choice of naviga t ion  
stars. 

ALO 

AOS 

CMC 

CSM 

E 1  

g . e . t .  

G . m . t .  

LM 

LO1 

LOS 

MCC 

PAD 

PER1 

PTC 

P23 

REV 

TE 

3.0 SYMBOLS 

abor t  from luna r  o r b i t  

a c q u i s i t i o n  of star 

Command Module Computer 

command and s e r v i c e  module 

e a r t h  e n t r y  i n t e r f a c e  

ground elapsed t i m e  

Greenwich mean t i m e  

l una r  module 

lunar  o r b i t  i n s e r t i o n  

loss of star 

midcourse c o r r e c t i o n  

preadvisory d a t a  

pe r i lune  

passive thermal c o n t r o l  

program 23, Cis lunar  Midcourse Navigat ion 

r evo lu t ion  

t r a n s  e a r t h  
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T E I  t r a n s e a r t h  i n j e c t i o n  

TLA t r a n s l u n a r  abor t  

T L I  t r a n s l u n a r  i n j e c t i o n  

4.0 CURRENT STAR AVAILABILITY CONSTRAINTS 

A l l  of t h e  stars which a re  v is ib le  t o  t h e  crewman are  not u sab le  
f o r  onboard naviga t ion .  
one or more v i o l a t i o n s  of s igh t ing  c o n s t r a i n t s ;  t h e s e  c o n s t r a i n t s  are 
descr ibed  i n  r e fe rence  1 and a r e  l i s t e d  he re .  

The stars vhich  cannot be used are d e l e t e d  f o r  

4 . 1  Trunnion Angle 

The t runn ion  angle ,  t h e  angle  between t h e  star l i n e  of s i g h t  and 
hor izon  (or landmark) l i n e  of s i g h t ,  which is measured by t h e  crewman, 
must be less  than  50' un les s  t h e  sun i s  w i t h i n  45' of t h e  horizon (or 
landmark) l i n e  of s i g h t ,  i n  which c a s e  t h e  m a x i m u m  t runnion  ang le  i s  45'. 
The minimum t runnion  ang le  i s  2 O .  The 50° maximum i s  a mechanical 
c o n s t r a i n t ;  t h e  45' m a x i m u m  and the  2' minimum are ope ra t iona l  c o n s t r a i n t s  
based on s c a t t e r e d  l i g h t  i n  t h e  sex tan t .  

4.2 Sbar Magnitude 

The dimmest stars which can  be used when t h e  e a r t h  i s  t h e  t a r g e t  
body are of 3 .0  magnitude; when the  moon i s  t h e  t a r g e t ,  3.5 magnitude 
stars may be used. 
t h e  t a r g e t  body and on horizon d e f i n i t i o n .  
tude i s  a f u n c t i o n  of s e v e r a l  variables which inc lude  t h e  sun-vehicle- 
target  and s tar-vehicle-sun angles.  

These c o n s t r a i n t s  are based on l i g h t  s c a t t e r i n g  from 
The a c t u a l  usable  star magni- 

4.3 Sun E leva t ion  

The l o c ~ l  SUE e leva t i~ r ,  3% the target  poiiit m u s t  b e  great enougn t o  
p rov ide  i l l umina t ion  without  d i s t o r t i o n .  Current c o n s t r a i n t s  are a 5' 
minimum f o r  l una r  s i g h t i n g s  and a loo minimum f o r  e a r t h  s i g h t i n g s .  
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5.0 WKING PROCEDURES 

Unlike t h e  moon, t h e  e a r t h  does not  have a d e f i n i t e  horizon l o c a t o r  
because of t he  l i g h t  s c a t t e r i n g  p r o p e r t i e s  of t h e  atmo'sphere. 
t r a n s l u n a r  coas t ,  two batches of s t a r / e a r t h  horizon marks a r e  scheduled 
t o  a s c e r t a i n  t h e  horizon l o c a t o r  a l t i t u d e  and sex tan t  e r r o r  model. The 
recommended procedures t o  perform t h e s e  marks, as wel l  as a l l  o t h e r  
s t a r /ho r i zon  marks, a r e  shown i n  f i g u r e s  1 and 2.  

During 

Procedures which have been designed t o  reduce t h e  u n c e r t a i n t i e s  
i n  bias between success ive  marks a r e  shown i n  f i g u r e s  1 and 2.  From 
f i g u r e  1, it i s  seen t h a t  t h e  edge of t h e  star and not t h e  c e n t e r  
should be  placed on t h e  horizon l o c a t o r ;  and from f i g u r e  2, it i s  seen 
t h a t  t h e  s t a r  should be pos i t ioned  on t h e  l o c a t o r  approaching from 
dark space and not from t h e  marked body. 

6.0 STAR AVAILABILITY DATA 

S t a r  a v a i l a b i l i t y  d a t a  f o r  t h e  J u l y  18, 1969, Apollo 11 (Mission G )  
launch d a t e  are given i n  t h e  a t t ached  t a b l e s  and f i g u r e s .  
are included i n  t h e  fol lowing o rde r :  crew c h a r t s ,  t r a n s l u n a r  s t a r / h o r i z o n  
combinations, t r a n s e a r t h  s t a r / h o r i z o n  combinations f o r  a nominal 
30-revolution 
combinations f o r  sun e l eva f ion  c o n s t r a i n t  t e s t s .  

The d a t a  

s t a y  i n  luna r  o r b i t ,  and t r a n s e a r t h  s t a r / e a r t h  horizon '  

6.1 Crew Charts  

There a r e  two s e t s  of crew c h a r t s  which con ta in  star a v a i l a b i l i t y  
information t h a t  w i l l  be c a r r i e d  on board t h e  Apollo v e h i c l e .  These 
c h a r t s  a r e  f o r  crewman use  i f  l o s s  of communications should occur i n  
t h e  following two cases .  

. 
1. After T L I  p lus  25 minutes and be fo re  TLI p lus  4 hours 

2 .  During luna r  o r b i t  a f t e r  LM J e t t i s o n  

The abor t  procedures and t h e  condi t ions  t h a t  r e q u i r e  a b o r t s  of t h e s e  
two types  a re  presented i n  r e fe rence  2. A b r i e f  summary i s  given h e r e .  

1 
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f 

An abor t  from t h e  t r ans luna r  c o a s t  a t  T L I  p lus  4 hours i s  caused 
by a lo s s  of communications a f t e r  T L I  p lus  25 minutes 'and i n a b i l i t y  of 
t h e  CSM t o  perform t r a n s p o s i t i o n ,  docking, and e x t r a c t i o n  of  t h e  LM. 
The T L I  p lus  4 hour abor t  PAD w i l l  be voiced up t o  t h e  CSM dur ing  t h e  
e a r t h  parking o r b i t  and w i l l  be updated a t  TLI p lus  1 hour i f  communications 
e x i s t  a t  t h a t  t ime.  The crew cha r t s  which g ive  t h e  star a v a i l a b i l i t y  
and d e t a i l e d  s i g h t i n g  schedules  f o r  a b o r t s  at T L I  p lus  4 hours are 
presented  i n  figures 3 and 4. I n  t h e s e  c h a r t s ,  t h e  star a v a i l a b i l i t y  
i s  g iven  f o r  two p o s s i b l e  launch azimuths and T L I  oppor tun i t i e s  which 
are i d e n t i f i e d  on t h e  f i g u r e s .  For a b o r t s  from t r a j e c t o r i e s  o t h e r  
t h a n  from t h e s e  two, t h e  s tars  which w i l l  be a v a i l a b l e  w i l l  be t h e  same, 
but  t h e  a c q u i s i t i o n  and l o s s  times w i l l  d i f f e r .  These two c h a r t s  
provide naviga t ion  information which covers t h e  e n t i r e  window f o r  a b o r t s  
from t r a n s l u n a r  coas t  at TLI plus 4 hours .  

Crew c h a r t s  t h a t  g ive  s ta r  a v a i l a b i l i t y  and s i g h t i n g  schedules  f o r  
a b o r t s  from l u n a r  o r b i t  are presented i n  f i g u r e  5 .  The d a t a  are 
presented  f o r  a b o r t s  caused by loss of communications after LM j e t t i s o n .  
If CSM communications f a i l  before LM j e t t i s o n ,  t h e  LM would provide 
some backup c a p a b i l i t y  and could be r e t a i n e d  f o r  t h e  t r a n s e a r t h  l e g .  
The abor t  d a t a  f o r  an e a r l y  TEI burn w i l l  be  upl inked one or more 
r evo lu t ions  ahead during luna r  o r b i t .  
i n  r e f .  3 . )  
informat ion  concerning two poss ib le  t r a j e c t o r i e s :  a T E I  a f te r  28 rev- 
o l u t i o n s  i n  l u n a r  o r b i t  f o r  a 72' launch azimuth, f i r s t  TLI  oppor tuni ty ;  
and a T E I  af ter  35 r evo lu t ions  i n  l u n a r  o r b i t  f o r  a 108O launch azimuth, 
second TLI  opportuni ty .  For abor t s  from t r a j e c t o r i e s  o t h e r  t han  t h e s e  
two, t h e  a v a i l a b l e  s tars  w i l l  be t h e  same, bu t  AOS and LOS t imes  w i l l  
change; t h e  s i g h t i n g  schedule i s  v a l i d  f o r  a l l  t r a j e c t o r i e s  between 
t h e s e  two. 

(Nominal up l ink  t i m e s  are contained 
The crew c h a r t  f o r  poss ib l e  a b o r t s  from luna r  o r b i t  con ta ins  

6 . 2  Nominal S t a r  S e l e c t i o n  Data 

The star a v a i l a b i l i t y  and horizon combinations f o r  t h e  nominal 
t r a n s l u n a r  t r a j e c t o r i e s  are presented i n  f i g u r e  6 .  The c u r r e n t  f l i g h t  
p l a n  ( r e f .  3 )  provides  f o r  two batches of s t a r / e a r t h  horizon s i g h t i n g s  
on t h e  t r a n s l u n a r  l e g  of t h e  mission,  and t h e  f i g u r e s  a r e  marked t o  
i n d i c a t e  t h e s e  ba tches .  These two ba tches  w i l l  be  used t o  v e r i f y  or 
update  t h e  earth horizon a l t i t u d e  loaded i n  t h e  CMC and t o  check t h e  
SXT e r r o r  model. If t h e s e  s igh t ings  are moved i n  t h e  t ime l i n e ,  
s i g h t i n g  d a t a  may be read  d i r e c t l y  from f i g u r e  6. 
t h e s e  marks are given i n  t a b l e  I.  

Numerical d a t a  f o r  
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The stars used t o  determine t h e s e  parameters are' s e l e c t e d  based 
on t h e  following gu ide l ines .  

a. The angular  s epa ra t ion  between t h e  stars should be  as g r e a t  as 
p o s s i b l e  t o  use  t h e  maximum amount of v i s i b l e  horizon.  ( f i g s .  7 and 8 ) .  

b .  I f  a t  a l l  p o s s i b l e ,  one p a i r  of stars should be s e l e c t e d  such 
t h a t  t h e i r  s epa ra t ion  i s  180° t o  minimize t h e  e f f e c t  of t runn ion  angle  
b i a s .  If a p a i r  wi th  180' of s epa ra t ion  i s  not a v a i l a b l e ,  a paik wi th  
as c l o s e  t o  180' as p o s s i b l e  should be  used. 
figure 7 ;  s t a r s  01  and 02 have a sep 'arat ion of 176' and 02 and 44 have a 
sepa ra t ion  of 189'. 
180'; 07 and 44 a r e  separa ted  by 174'. 

Two p a i r  are shown i n  

Only one p a i r  i n  f i g u r e  8 have a sepa ra t ion  near  

c .  I f  f i v e  d i f f e r e n t  stars are not  a v a i l a b l e ,  t h e  dimmest a v a i l a b l e  
star should be repea ted  t o  b r i n g  t h e  t o t a l  number of sets of marks t o  
f i v e .  
two. 
used f o r  two s e t s  of marks dur ing  t h e  ba tch  a t  24 hours g . e . t .  

However, t h e  t o t a l  number of sets on a s tar  should not  exceed 
For example, no te  from t a b l e  I t h a t  star 07, magnitude 2.8, i s  

The s t a r s  i n  f i g u r e s  7 and 8 which are named and numbered have 
t h e i r  p o s i t i o n s  s t o r e d  i n  t h e  CMC f i x e d  memory. 
p i c t u r e d  a re  from t h e  f i r s t  158 i n  t h e  RTCC star ca ta logue  ( r e f .  4 ) .  
These s t a r s  a r e  not  i d e n t i f i e d ,  bu t  are included t o  show t h a t  t h e  d a t a  
i n  t a b l e  I is t h e  optimum s i g h t i n g  d a t a .  

The a d d i t i o n a l  stars 

The s t a r /ho r i zon  combinations f o r  t h e  nominal t r a n s e a r t h  t r a j e c t o r y  
based on cur ren t  s i g h t i n g  c o n s t r a i n t s  are presented  i n  figure 9.  The 
s i g h t i n g  schedule i f  l o s s  of communications occurs  dur ing  t h e  t r a n s e a r t h  
l e g  i s  marked on t h e s e  f i g u r e s ;  t h e  same d a t a  are c a r r i e d  on board i n  
t h e  f l i g h t  p lan  ( r e f .  3) and are included i n  t a b l e  11. 

During t h e  t r a n s e a r t h  c o a s t ,  t h e r e  are s e v e r a l  o p p o r t u n i t i e s  f o r  
t h e  navigator  t o  a t tempt  s t a r / e a r t h  horizon s i g h t i n g s  t o  v a l i d a t e  or 
update t h e  cu r ren t  10' minimum sun e l e v a t i o n  angle  c o n s t r a i n t .  
suggested s igh t ing  schedule  i s  given i n  table I11 and i n  f i g u r e  10 which 
shows t h e  nominal t r a n s e a r t h  t r a j e c t o r y  star a v a i l a b i l i t y .  
i s  based on t h e  schedule  i n  r e f e r e n c e  5. 

The 

This  schedule  

. 
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7.0 FORMAT OF FIGURES 

Each of f i g u r e s  3 through 6 and 9 and 10  are drawn wi th  t h e  same b a s i c  
format.  The h o r i z o n t a l  g r i d  l i n e s  r ep resen t  t h e  t ime i n  hours from t h e  
event given i n  t h e  upper l e f t  corner of t h e  f i g u r e s ;  t h e  v e r t i c a l  l i n e s  
r ep resen t  star a v a i l a b i l i t y  with a p a r t i c u l a r  body/horizon which i s  
i d e n t i f i e d  along t h e  upper margin. Oc ta l  star numbers a r e  given wi th  
two l e t t e r s ,  wi th  XY keyed as fol lows.  

X = E means t h e  e a r t h  i s  the  t a r g e t  

X = M means t h e  moon i s  t h e  t a r g e t  

Y = N means t h e  near horizon i s  used 

Y = F means t h e  far horizon i s  used 

For example, t h e  code 40EF m e a n s t h a t  star number 40, common name 
A l t a i r ,  would be used wi th  t h e  ea r th  far hor izon .  

The measured p lane  angle  for  each s t a r / h o r i z o n  combination i s  
g iven  a t  t h e  bottom of t h e  cha r t .  This  ang le  i n d i c a t e s  t h e  amount of 
in format ion  t o  be gained when t h i s  s t a r / h o r i z o n  combination i s  used 
t o  update  t h e  CMC state vec to r ;  Therefore,  observa t ions  made wi th  stars 
i n  t h e  o r b i t a l  p lane  should be emphasized. 
out-of-plane star i s  used (measured p lane  ang le  > 4 5 O )  i n  every f ive  sets  
i s  s u f f i c i e n t .  

One set  i n  which a n  

8.0 SUMMARY TABLES 

Summaries of t h e  information f o r  each t r a j e c t o r y  given i n  t h e  
figures are  presented  i n  t a b l e  I V  through XXIV. 
are included f o r  each t r a j e c t o r y .  

The fol lowing d a t a  

' a .  S t a r  number i n  o c t a l  and i t s  a s s o c i a t e d  horizon 

b .  T o t a l  a v a i l a b i l i t y  t ime i n  minutes 

c .  Acqu i s i t i on  and loss times i n  hours  t o  t h e  nea res t  half-hour 
from t h e  s tar t  and end of t h e  t r a j e c t o r y  

d .  S t a r  magnitude 
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e .  Trunnion angle  i n  degrees  a t  a c q u i s i t i o n  and l o s s  

f .  Sun e l e v a t i o n  angle  a t  t h e  s u b s t e l l a r  po in t  i n  degrees 
a t  a c q u i s i t i o n  and loss  

g .  The s c a t t e r e d  l i g h t  f a c t o r ,  which i s  a func t ion  of s tar-sun-  
vehicle-body geometry and which determines i f  a star can be seen 
aga ins t  t h e  horizon 

h.  The measured plane ang le  i n  degrees  a t  a c q u i s i t i o n  and l o s s  

The genera l  l o s s  of communications naviga t ion  procedure t o  be 
followed i n  every case  not covered by a crew c h a r t  or t h e  f l i g h t  
p l an  are presented i n  table  XXV. 

9.0 DATA REFERENCES 

The a v a i l a b i l i t y  of s t a r / h o r i z o n  combinations f o r  t h e  several cases  
covered i n  t h i s  paper were genera ted  by t h e  program ORION,  Op t i ca l  
Requirements In t e r roga to r  f o r  Orbital Navigation ( re f .  6 ) .  
t r a j e c t o r y  information for t h e  a b o r t s  from t r a n s l u n a r  coas t  w a s  
provided by L t .  C .  J .  Laetz of F l i g h t  Analysis  Branch, MPAD. 
Mr. G .  L .  Norbraten of Lunar Mission Analysis  Branch, MPAD, provided 
t h e  T E I  vec tors  f o r  t h e  a b o r t s  from l u n a r  o r b i t  and f o r  t h e  nominal 
TEI  t r a j e c t o r i e s .  
t h e  Apollo 10 ope ra t iona l  t r a j e c t o r i e s  ( r e f .  7 ) .  The s i g h t i n g  schedule  
f o r  t h e  abort  from luna r  o r b i t  crew cha r t  w a s  based on t h e  nominal t r a n s -  
e a r t h  schedule fo r  a J u l y  16 launch ( re f .  5 )  and t h e  d a t a  i n  table  X X V .  
Data f o r  W-matrix i n i t i a l i z a t i o n  f o r  a b o r t s  from l u n a r  orbi t . ,were t aken  from 
re fe rence  8; d a t a  f o r  W-matrix i n i t i a l i z a t i o n  f o r  a b o r t s  from t r a n s l u n a r  
coas t  were taken from re fe rence  9 ,  which a l s o  con ta ins  v e r i f i c a t i o n  of 
t h e  crew chart  s i g h t i n g  schedule .  

Nominal 

The remainder of t h e  v e c t o r s  were obta ined  from 
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TABLE XXVi-  LOSS OF COMMUNICATIONS NAVIGATION PROCEDURES 

1. T L I  p l u s  4 h r  abor t  ( d e t a i l e d  schedules  provided)  

a.  Make abor t  burn.  
b .  

d e t a i l e d  s i g h t i n g  schedule .  
c .  

t h e  schedule  given i n  t h e  crew c h a r t .  

I n i t i a l i z e  W-matrix a t  the  f i r s t  mark t o  va lue  given on t h e  

I n i t i a t e  s i g h t i n g  as soon as poss ib l e  after abor t  according t o  

1. 
i n t e r v a l s  . 

2. The v e r t i c a l  l i n e s  represent  stars which are a v a i l a b l e  f o r  
use with P23. 

3. 
i ngs  r equ i r ed  with t h e  given star. 

4. 

The.hor izonta1  l i n e s  r ep resen t  t h e  start of t h e  s i g h t i n g  

The numbers ad jacent  t o  t h e  v e r t i c a l  l i n e s  a r e  t h e  s i g h t -  

Only e a r t h  horizon marks w i l l  be  made. 

d .  Crew c h a r t s  are provided f o r  each day t o  in su re  coverage f o r  
t h e  e n t i r e  d a i l y  launch window. The c h a r t s  provide d a t a  f o r  a s h o r t  
r e t u r n  t i m e  (25 h r  o r  l e s s )  and f o r  a long r e t u r n  t i m e  ( g r e a t e r  t han  
25 h r ) ;  t a r g e t s  f o r  abor t s  from t r a j e c t o r i e s  o the r  t han  those  given on 
t h e  crew c h a r t s  are t h e  same, but a c q u i s i t i o n  and Loss times of t h e  
stars w i l l  d i f f e r .  

2.  Lunar o r b i t  abo r t s  ( d e t a i l e d  schedules provided)  

a. The f i r s t  17 h r  and t h e  l a s t  25 h r  of  t h e  schedule  should not  
be changed. 

b. 
rest per iods  and midcourse maneuvers. 

c .  CHANGE TO THE E 1  CHART AT E 1  MINUS 40 HR. 
d .  The key f o r  t h e  d e t a i l e d  schedule  i s  as fo l lows .  

The d a t a  i n  t h e  middle of t h e  TE l e g  may be rear ranged  f o r  

1. The v e r t i c a l  s o l i d  l i n e  i n d i c a t e s  s t a r /ho r i zon  combinations 
a v a i l a b l e  f o r  t h e  e a r l i e s t  T E I  caused by l o s s  of communications TEI  
(28 r evo lu t ions  i n  luna r  o r b i t ,  72' launch azimuth, f i r s t  T L I  
o p p o r t u n i t y ) .  

launch available fcrr z liter TEI (35  r e v ~ l u t l o n s  in luiiai- ur-bi t ,  108" 
azimuth, second TLI  oppor tun i ty ) .  

3. The h o r i z o n t a l  s o l i d  l i n e  i n d i c a t e s  t h e  start  of a s i g h t -  
i n g  i n t e r v a l .  

4. 
s i g h t i n g s  wi th  t h e  given s t a r .  

2. The v e r t i c a l  dashed l i n e  i n d i c a t e s  s t a r / h o r i z o n  combinations 

The numbers ad jacent  t o  t h e  v e r t i c a l  l i n e s  a r e  t h e  r equ i r ed  
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TABLE XXV.- LOSS OF COMMUNICATIGNS NAVIGATION PROCEDURES - Continued 

3. For loss of communications dur ing  t h e  nominal t r a n s e a r t h  t r a j e c -  
t o r y ,  t h e  scheduled s igh t ings  and i n i t i a l  W-matrices provided i n  t h e  
F l i g h t  P l an  should be followed. 

4. 
crew c h a r t s  and t h e  F l i g h t  P lan .  

General  TE o p t i c a l  naviga t ion  r u l e s  f o r  cases  not included i n  t h e  

a.  A s igh t ing  i s  t o  c o n s i s t  of t h r e e  marks. 
b .  A s igh t ing  i n t e r v a l  i s  t o  c o n s i s t  of a t  least  t h r e e  s t a r / h o r i z o n  

s i g h t i n g s ,  although as many as f i v e  a r e  advisable  ( f i v e  should be  used 
a t  t h e  end of every s l e e p  p e r i o d ) .  
t h e  o r b i t a l  plane should be emphasized. One s i g h t i n g  made wi th  an 
out-of-plane star (ange > 45' t o  t h e  o r b i t  p l ane )  i n  every f i v e  sets  
i s  s u f f i c i e n t .  If only t h r e e  stars a r e  grouped t o g e t h e r ,  a l l  s tars  
should be  inplane.  

immediately a f t e r  a per iod  of length  A t ,  not  t o  exceed 3 hours i n  a 
non-PTC mode, f i v e  t i m e s  A t  should be spent  i n  a PTC mode (based on 
thermal  c o n s t r a i n t s  ) , provided it does not i n t e r f e r e  wi th  naviga t ion  
s i g h t i n g s  which are e s s e n t i a l  f o r  a safe e n t r y .  

every h a l f  hour while  naviga t ion  s i g h t i n g s  are i n  progress .  The 
sex tan t  c a l i b r a t i o n  w i l l  be  repea ted  u n t i l  a t  l eas t  two checks (no t  
n e c e s s a r i l y  sequen t i a l  ones)  are i n  agreement t o  wi th in  0.003'. 

W-matrix w i l l  b e  i n i t i a l i z e d  t o  10 000 f e e t  and t o  10 f t / s e c  f o r  
onboard processing of t h e  t r a n s e a r t h  s i g h t i n g  d a t a .  Navigation s i g h t -  
ings w i l l  be scheduled every 2.5 hours i n  t h e  s h o r t  r e t u r n  t r a j e c t o r y ,  
and only s t a r l e a r t h  horizon marks w i l l  be  made. 
i n t e r v a l  w i l l  be  scheduled j u s t  a f t e r  t h e  l a s t  midcourse c o r r e c t i o n  a t  
E 1  minus 3 hours. 

f .  The t r a n s e a r t h  naviga t ion  s i g h t i n g  schedule i n  t h e  f l i g h t  p l an  
i s  designed f o r  a 60-hour r e t u r n  t r a j e c t o r y  (30 r evo lu t ions  i n  l u n a r  
o r b i t ) .  I f  t h e  r e t u r n  t i m e  i s  a l t e r e d  because of an e a r l y  T E I  caused 
by communications l o s s  or any o the r  r eason ,  t h e  fol lowing r u l e s  are 
t o  be followed t o  s e t  up a naviga t ion  s i g h t i n g  schedule  t o  ensure  a 
s a f e  e n t r y .  

Observations made with stars i n  

c .  The naviga t ion  s i g h t i n g  i n t e r v a l s  should be scheduled so  t h a t ,  

d .  The sex tan t  c a l i b r a t i o n  r o u t i n e  w i l l  be  exerc ised  a t  l eas t  

e.  I f  an abor t  burn i s  performed dur ing  t r a n s l u n a r  c o a s t ,  t h e  

The las t  s i g h t i n g  

1. T E I  through T E I  p lus  17 h r  

The nominal schedule i s  t o  be  followed from T E I  t o  TEI p l u s  
1 7  h r .  The f i r s t  two batches of s i g h t i n g s  are t o  be on t h e  moon, and 
t h e  second two ba tches  are t o  be on t h e  e a r t h .  They a r e  scheduled a t  
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TABLE xxv. - LOSS OF COMMUNICATIONS NAVIGATION PROCEDURES - Concluded 

approximately T E I  p lus  1 h r  30 rnin, TEI  p lus  11 h r  30 min, T E I  p lus  
13 h r ,  and TEI  p lus  15  h r .  The corresponding s i g h t i n g s  are shown i n  
t h e  f l i g h t  p lan .  

2. E 1  minus 25 h r  through E1 

The nominal schedule  i s  a l s o  t a  be  followed from E 1  minus 
25 h r  t o  E I .  
E 1  minus 25 h r ,  E1 minus 23 h r ,  E 1  minus 19 h r ,  E 1  minus 1 5  h r ,  E 1  
minus 10 h r ,  E 1  minus 5 h r ,  and E 1  minus 2 h r  30 min. The correspond- 
i n g  c e n t r a l  body f o r  t h e  star horizon s i g h t i n g s  i s  shown i n  t h e  f l i g h t  
p l an .  

The naviga t ion  s igh t ings  are scheduled a t  approximately 

3. TEI  p lus  1 7  h r  through E 1  minus 25 h r  

Between TEI  p lus  17 h r  and E 1  minus 25 h r ,  schedule  two-thirds  
as many s i g h t i n g s  as t h e r e  are hours of  coas t  dur ing  t h i s  pe r iod .  
S igh t ings  should be scheduled i n  a r a t i o  of  2 t o  1 ( e a r t h  t o  moon) wi th  
a minimum of 10  s igh t ings  d u r i n g t h i s  coas t  per iod  ( i . e . ,  i f  t h e  t i m e  
between T E I  p lus  17 h r  and E 1  minus 25 h r  i s  less  than  18 h r ,  10 
s i g h t i n g s  w i l l  be  r e q u i r e d ) .  

g. Large s t a t e  vec to r  co r rec t ions  may be expected a t  t h e  fol lowing 
t i m e s .  

1. A t  i n i t i a t i o n  of t r ack ing  
2.  A t  t h e  f irst  switch of r e fe rence  bodies  
3. Af t e r  a long per iod  of no s i g h t i n g s  
4. 

If a l u g e  state v e c t o r  co r rec t ion  ( g r e a t e r  t han  50 n. m i . ,  r '  

During t h e  l a s t  hours of TE coas t  when t h e  v e h i c l e  i s  near  
t h e  e a r t h  

i n  p o s i t i o n  and 50 f p s  i n  v e l o c i t y )  i s  d isp layed  during t h e  V06N49 d i s -  
p l a y  i n  P23, t h e  mark should be r e j e c t e d  and repea ted .  
c o r r e c t i o n  occurs  aga in ,  it should be accepted and incorpora ted .  

If t h e  l a r g e  

h .  S t a r  a v a i l a b i l i t y  i s  d i r e c t l y  r e l a t e d  t o  t h e  G . m . t .  of e n t r y  
i n t e r f a c e .  If an  abor t  should occur which i s  not covered by a crew 
c h a r t  b u t  which has an E 1  t i m e  t h a t  i s  t h e  same as t h e  one on a crew 
c h a r t ,  t h e  star a v a i l a b i l i t y  from t h e  crew cha r t  may be used near  t h e  
e a r t h .  
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